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1 . INTRODUCTION 


This  paper  dcsci  i'oes  the  work  at  Harwell  using  our  Neutron 
j-'ile  tc  make  a range  . .f  gamma  active  sources  for  industrial 
radiography. 

Hitherto  the  term  gamma  radiography  has  been  confinod  to  the 
use  of  the  natural  emitters  whose  energies  arc  hard  and  very 
penetrating.  It  is  nur  aim  to  produce  inexpensively  artificial 
sources  covering  a range  of  energies  from  100  kilovolts  to  over 
1 McV.  Those  will  be  complementary  to  X-ray  tubes  and  will  have 
the  advantage  of  portability  without  inferior  performance  tc  that 
of  a tube. 

In  selecting  suitable  elements  for  our  sources  we  look  for  the 
following  points. 


h long  half-life.  - The  activity  of  all  these  emitters  decays 
exponentially  at  a rate  characteristic  of  the  element.  This  is 
conveniently  expressed  as  a half-life  which  is  the  time  within  which 
the  activity  of  a source  falls  to  h.-lf  its  value.  Half  lives  vary 
widely  from  seconds  to  many  years,  the  usable  extremes  being 
typified  by  the  natural  emitters  Rul;.n  (2.7  days)  and  Radium  (1500 
years).  Half  lives  as  shrt  as  Rad. -a  are  inconvenient  since  a lot 
of  activity  is  lost  while  transporting  the  source  to  the  werk  and 
it  is  a nuisance  calculating  the  exposures  for  such  a rapidly  dying 
source. 

The  surcos  selected  have  h.-df  lives  of  a month  or  two  which 
gives  a convenient  working  life.  If  shorter  half  lives  are 
permitted  a number  ef  other  s^  urces  could  be  included. 


Energy 

Uc  would  like,  if  we  could,  to  find  several  materials  emitting 
rays  cf  say  10C  - 200  KcV;  50C  - 500  KcV;  1 HcV  and  2-3  McV. 

This . wruld  enable  the  radiographer  to  pick  a s urce  t:  give  maximum 
contrast  depending  cn  the  thickness  and  density  of  the  work  tc  be 
inspected. 

Radioactive  gamma  emitters  have  an  advantage  over  X-ray  tubes 
in  giving  eff  rays  cf  discrete  energies  rather  than  a continuous 
spectrum.  This  causes  less  soft  scattering  ani  avoids  filtering 
problems.  Gamma  emitters  sometimes  have  a complex  spectrum  however , 
consisting  of  a number  of  characteristic  wavelengths,  Rs  a result 
of  this  it  is  impossible  to  predict  l'rcm  knowledge  of  a substance's 
gamma  energies  exactly  how  it  will  perform  in  radiography  and 
experiment  is  necessary.  This  basic  work  of  trying  out  the 
radiographic  qualities  cf  different  sources  has  been  done  by  the 
Isotope  group  at  Harwell.  It  is  cf  course  clear  that  the  dominating 
feature  is  the  gamma  that,  is  hardest  and  the  sources  suitable  for 
the  lew  energy  ranges  must  be  free  from  shortwave  components. 

Good  Nuclear  and  Physical  Properties 

Besides  the  half  life  and  energy,  it  is  essential  that  the 
substances  have  a large  nuclear  capture  cross  section  fer  noutren 
irradiation. 

Several  materials  have  to  be  rejected  on  this  score  because 
they  do  not  take  up  activity  readily  and  the  result  is  a low 
activity  source  which  would  need  extravagantly  long  exposure  times. 

One  could  got  over  this  by  Having  a large  sized  source  but  such 
poor  resolution  would  result  that  it  would  not  be  worth  while. 
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IJST  OF  SUITABLE  ISOTOPES 


Figure  1 shews  suitable  sources  trrouped  together  under  thoir 
gamma  energy  range  as  hard,  medium  and  sort. 

The  hard  class  tire  all  suitable  for  penetration  of  2 inches 
and  upvrards  of  steol  with  alight  individual  advantages  in  the  matter 
of  long  life,  - speedy  preparation  - short  exposure  tine  etc. 

In  the  medium  energy  class  Iridiun  has  by  far  the  best 
characteristics  as  it  activates  rapidly  to  several  curies  giving  a 
superior  small  active  source  to  the  Selenium  and  Hafnium.  These 
substances  arc  best  fer  steel  thicknesses  of  j to  2 inches. 

The  low  energy  range  is  badly  served,  - ",7c  have  found  no 
convenient  sources  except  possibly  Co  - rr144  a fission  product 
which  has  recently  been  tried.  Unfortunately,  the  wanted  220  kv 
radiation  is  masked  by  a harder  1,25  !'cV  which  is  found  tc  make  the 
source  act  as  though  it  were  cne  of  this  energy.  The  cortrast  to 
bo  expected  from  220  kv  does  not  appear. 

3.  source  details 


X-Radiographers  axe  used  tc  sources  of  radiation  of  several 
square  millimetres  area.  To  this  end,  we  have  standardised  our 
source  sizes  as  cylinders  having  diameter  equal  to  length  with 
dimensions  6 mm;  4 mm;  2 mm;  .and  in  certain  eases  1 mm. 

The  activity  required  is  usually  in  hundreds  of  millicurios, 
which  means  a high  value  cf  specific  activity  (me/ gram.) . 

Fortunately  materials  like  Iridium,  and  Cobalt  can  be  activated 
tc  several  curies/gram,  a figure  in  excess  of  natural  radium.. 

For  convenience  of  ha; .in;;  and  labelling  these  sources  have 

been  enclosed  in  standard  capsules  of  on  aluminium,  alley.  Figure  2 
shows  the  2 mm;  4 mm.;  end  6 mm.  sources  before  enclosure  in  the 
aluminium  capsule  -and  also  a sealed  and  labelled  capsule.  These 
capsules  ere  the  standard  holder  fer  all  cur  sources  and  serve  tc 
protect  the  beta  emission  from  the  source,  identify  the  source  size 
and  type  by  a letter  and  serial  number  and  also  tc  provide  a fixing 
tag  to  secure  the  source.  In  cases  where  the  element  is  not  metallic 
such  as  JSU2O3  - a powder  pressing;  dtio  has  been  used  tc  congress  a 
cylindrical  pellet  from  the  available  oxide  or  salt.  This  is 
illustrated  in  Figure  3 which  shews  the  die  and  a parr  of  forceps 
holding  a pressed  powder  source. 

At  the  present  time  no  stock  cf  ready-activated  sources  exists 
and  irradiations  ore  made  in  the  Idle  to  a customer’s  order.  This 
may  take  weeks  or  months  depending  on  the  activity  required  and  the 
source  size. 

In  the  majority  of  cases  the  activity  is  acquired  by  neutron 
capture  and  sources  of  this  type  can  be  returned  to  Harwell  fer 
re-irradiaticn  cr  "hotting-up"  when  their  strength  has  decayed 
below  a useful  figure.  In  this  way  continuous  service  can  be  had 
from  a source  and  many  users  keep  two  sources,  one  being  activated 
and  the  other  in  use. 

Activity  of  sources  is  measuredby  gamma  ionisation  methods 
and  expressed  in  millicurios.  This  has  the  advantage  that  only  a 
single  figure  need  be  quoted  whereas  if  the  ionising  properties 
were  given  it  is  necessary  to  specify  time  and  range,  c.g.  nilli- 
rSntgcns/hour  at  1 metre.  Since  millicurios  arc  solely  a 
disintegration  rate  - inter comp orison  of  different  kinds  cf  sources 
is  meaningless.  Exposures  arc  measured  in  "millicurio-hours"  meaning 
so  many  hours  exposure  for  a source  strength  of  so  many  millicurics. 
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■ Owing  to  the  complex  gamma  spectra  of  many  of  the  elements 
thoir  penetration  characteristics  arc  not  predictable  and  wo  have 
prepared  exposure  density  curves  for  the  different  types  of  source 
giving  film  density  against  exposure  for  a family  of  steel  thick- 
nesses. 


The  whole  affair  is  reduced  tc  the  utmost  simplicity  hy  our 
issuing  with  every  source  a calibration  chart  showing  the  decay 
of  millicurics  with  time  - Figure  4. 


This  taken  in  conjunction  with  the  exposure  chart  shows 
immediately  the  time  of  exposure  needed  for  any  given  steel 
penetration. 

Figure  5 shows  an  inter comparison  cf  various  different  sources' 
exposure  times  to  produce  unity  film  density  through  different 
thicknesses  of  steel,  .ill  those  graphs  are  supplied  free  to  users 
in  the  farm  of  data  sheets  for  the  principal  sources  we  make. 

The  exposure  graph  does  net  show  contrast  directly,  but  may  be 
inferred  from  the  slopes  of  the  curves,  x'cnctramctor  tests  ore  so 
misleading  that  I prefer  not  to  quote  them  but  under  suitable 
conditions  figures  of  between  1 and  5 per  cent  can  be  obtained  — 
results  in  fact  comparable  to  those  expected  by  X-ray  methods. 


• The  films  used  are  the  normal  X-ray  or  fine  .grain  X-ray  types 
and  t/c  have  found  lead  screens  of  .005  inches  and  .010  inches  for 
front  raid  back  ore  slightly  better  than  the  rather  thinner  ones 
commercially  available. 


Figure  6 shews  a panoramic  tost  exposure  in  progress  of  the  kind 
that  led  to  the  preparation  of  our  exposure-density  curves.  The. 
lead  container  is  cr.c  cf  our  own  design  having  4 inches  ci  lead 
wall  which  can  bo  used  fer  a "projection"  exposure  or  for  panoramic 
withdrawal  of  the  source  on  an  articulated  handling  rod  as  shewn, 
la  will  be  ncticcd  that  steel  slabs  have  been  used  rather  than 
step wedges  as  we  have  found  results  from  these  tc  be  more  consistent. 


Figure  7 shews  the  container  and  handling  tool  with  the  front 
open  for  a "projection'1  exposure. 

Lead  containers  are  new  being  sold  by  four  manufacturers  suitable 
for  holding  our  standard  sources. 


The  sources  in  current  use  are  cobalt  60,  ,antalum  i82  and 
iridium  192.  These  have  been  found  to  combine  the  most  desirable 
characteristics  and  are  superior  to  the  others  listed.  The  Is  dope 
Division  at  Harwell  will  be  glad  to  advise  on  the  use  of  cur  sources 
which  have  already  found  wide  use  in  industry  both  here  and  on  the 

Continent. 
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